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(54) Multicast packet distribution system 

(57) A multicast packet distribution system compris- 
es routers (1) connected with each other by a cable (2). 
Nodes (4) are connected to each of the routers (1). The 
routers (1) or the nodes (4) are provided with a unit for 



relaying a packet (3) having a list of the plurality of des- 
tination addresses and its undistributed bit map to the 
packet header to be transferred, according to the uni- 
cast route. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a nnulticast distribution system in a distributed packet exchange network. 
BACKGROUND OF THE INVENTION 

[0002] In a distributed packet exchange network such as the Internet, the packet distribution format is classified into 
several types according to the destination designation method. Following packet distributions are employed in IPv4 
used in the present Internet and IPv6 which is standard of next-generation Internet. 

1) Unicast distribution in which the destination is the address expressing the single interface. 

2) Multicast distribution (hereafter referred to as multicast) in which the destination represents a group of a plurality 
of interfaces, and copy of packet (in the explanation below 'packet' may mean 'packets') is distributed to all of 
them, and 

3) Anycast distribution in which the destination represents a group of the plurality of interfaces, and copy of packet 
is distributed to any one of them. 

[0003] The present invention relates to the above-mentioned multicast. In multicast it is possible to distribute same 
data efficiently to a plurality of nodes. Therefore, this type of distribution is utilized in the fields of multimedia data 
broadcast, multi-point audio and video conference, etc. 

[0004] An example of realizing multicast in IPv4 will be explained here as a prior art. In IPv6 of which standardization 
is being presently proposed, the method of realization is nearly the same as explained here. Actual execution of mul- 
ticast requires three steps described in detail below. That is: 

1) Address assignment of multicast, 

2) Request of route setting, and 

3) Packet distribution. 

1) Address assignment of multicast :- 

[0005] In IPv4, of the IP (Internet protocol) address space of four octets, one-sixteenth is assigned for the space of 
multicast called class D. The address of class D is determined so that the higher four bits may start with 11 1 0. A sender 
of multicast of packet is assigned with a multicast address by the lANA (Internet Assigned Number Authority) and 
ICANN (Internet Corporation for Assigned Names and Numbers), one each for every group of address node for mul- 
ticast. 

2) Request of route setting 

[0006] The sender, while communicating with each one of the receivers, must request preliminarily route setting to 
be used in the actual packet distribution (described below) to all routers on the route to which the multicast packet is 
distributed. 

3) Packet distribution 

[0007] IPv6 packet has the header format as shown in Fig. 20 in both unicast and multicast. 'Version' in this figure 
refers to the edition number, 'Class' indicates whether the data is video, audio or normal data, and 'Flow Label' deter- 
mines the flow number to be given to the flow. 

[0008] 'Payload Length' denotes the data length, and the 'NextHeader' tells which protocol in advance. 'Hop Limit' 
indicates the upper limit of the number of repeats to avoid endless hopping of packet in the network. 
[0009] 'Source Address' is the sender's address and 'Destination Address' is the end address. Finally, the host pro- 
tocol data is provided. 

[0010] The transmission node stores and transmits the multicast address assigned to the destination address among 
them. An intermediate router searches the route table prepared for relaying the packet in a correct direction. The route 
table is composed as shown in Fig. 21. 'Network' row in this figure lists up the networks that can be reached from this 
route on the Internet. 

[0011] The network is expressed by the network prefix and mask (net mask) . For example, if the prefix is 3FFE:501 : 
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1000::, and the mask is40 (FFFF:FFFF:FFOO::), it expresses a network in a range of 3FFE:5G1 :1000:0:0:0:0: to 3FFE: 
501:10FF: FFFF:FFFF:FFFF:FFFF:FFFF 

[0012] 'Destination* row in Fig. 21 expresses the address neighbor of the route to which the router itsetf request 
distribution next for distributing the packet to this network, and the interface for sending out the packet for this purpose. 
The route table search is to calculate the AND of the address to be searched and net nnask in the first place, and find 
out an item of which result is equal to the network prefix, and the packet is distributed from the interface to the destination 
neighbor of the searched item (various high speed techniques are proposed for this route table search, and many 
patents are pending). 

[0013] When relaying the unicast address, only one destination is always set, and the packet is transferred from the 
designated interface to the next designated router. Since one next router is always set in all routers from the sender 
to the receivers, as a result, the packets are distributed on one route. 

[0014] On the other hand, in the multicast, only one destination is present, or two or more, depending on the router. 
In the case of one destination, the operation is same as in unicast, but in the case of two or more, the packet is copied 
and distributed to each one. Accordingly, only one packet at the time of transmission is branched off on the network, 
and is distributed to a plurality of receivers. 

[0015] The existing multicast system involves the following problems. 

1) Address assignment 

[0016] In the case of multicast, one multicast address must be assigned to every group to be distributed to. In the 
case of the broadcasting type multicast as substitute for the existing television and radio, a permanent address can 
be assigned, but in the case of communication with dynamically increasing channels such as multi-point television 
conference relay, it is required to issue multicast address dynamically on every occasion, it requires a uniform rule by 
the Internet, and in order to match commonly, a certain complicated structure is needed. 

2) Router setting 

[0017] After multicast address assignment, items of multicast addresses must be set in the route table of all routers 
existing in the route from the sender to the individual destination clients. In the key router of the Internet, this route 
table is an enormous number. Further, in the destination node group corresponding to the multicast address, members 
are changed frequently On every occasion, the route must be calculated again, and the route table must be updated. 
This processing is also an enormous amount. 

SUMMARY OF THE INVENTION 

[0018] It is an object of this invention to provide a multicast distribution system in which setting of addresses and 
setting of the route, in a router are not necessary. 

[0019] (1) Fig. 1 is a block diagram showing the principle of the invention. In the illustrated system, routers 1 are 
connected with each other through an exclusive line 2. Nodes 4 are connected to each router 1 . Legend 3 represents 
a packet transferred on the exclusive line. 

[0020] In Fig. 1 , a packet having a plurality of address lists and undistributed bit map is relayed to the packet header 
to be transferred according to the unicast route. A relay unit is provided in the router 1 or the node 4 for this purpose. 
The node 4 functions as transmitter or client as explained below. 

[0021] According to the above configuration, without having multicast route information, multicast distribution is re- 
alized by the unicast route information only. 

[0022] (2) Further, when distributing a same packet to the plurality of destinations, a list of destination addresses 
and undistributed bit map are stored in the packet header and transmitted, in which the node transmits by itself, and 
inspects the packet arriving at the own interface, and when the own node is included in the destination list, it is accepted. 
[0023] According to the above configuration, without having multicast route information, multicast distribution is re- 
alized by the unicast route information only. 

[0024] (3) Further, the present invention comprises a transmitter for transmitting by storing a list of destination ad- 
dresses and undistributed bit map in a packet header when distributing a same packet to the plurality of destinations, 
in which when the router relays the packet transmitted by the transmitter together with the branching regularity mark, 
the route table is searched for two nodes at both ends of the row not distributed according to the undistributed bit map, 
and if branching is not necessary, route search is omitted relating to other address, and the route table of all destinations 
is searched only when branching is necessary. 

[0025] According to the above configuration, in the case of multicast packet distribution, the number of unicast ad- 
dresses to be searched is smaller, and the packet distribution processing is smaller. 
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[0026] (4) Further, as for the address already distributed at the time of packet branching, the value is changed to a 
nneaningless value as address, and then distributed. 

[0027] As a result, one's own participation is kept secret to other clients participating in the multicast. 
[0028] Or, when distributing the sanne packet to the plurality of destinations, by comprising a transmitter for trans- 
mitting by storing a list of destination addresses and undistributed bit map in a packet header, transmission of multicast 
packet is realized without requesting setting of multicast route information to the repeating router group. 
[0029] Besides, by using a transmitter for transmitting together with a mark proving finish of distribution, by arranging 
the address appearance order in the list preliminarily so that the undistributed portions of the undistributed bit map 
may be always continuous at an arbitrary path on the packet distribution route, the branching regularity router (men- 
tioned later) can be efficiently distributed in multicast packet. 

[0030] When relaying the packet transmitted by the transmitter together with the branching regularity mark, by com- 
prising a router for searching the route table only for two nodes at both ends of the row not distributed in the undistributed 
bit map, omitting the route search about other address if branching is not necessary, and searching the route table of 
all destinations only when branching is necessary at the time of multicast packet distribution, the number of unicast 
addresses to be searched is smaller than in the router mentioned in connection to one aspect of this invention, and 
the packet distribution processing is smaller. 

[0031] Also by including a transmitter for transmitting a branch search packet having an address list, and creating a 
branching regularity list according to the obtained search result, the branching regularity list can be created automat- 
ically. As a result, the manager does not have to prepare a regular list beforehand. 

[0032] As for the route search packet transmitted by the transmitter, by comprising a router for searching the route 
table, relaying the search packet by adding an undistributed bit map to the end of the undistributed route list to the own 
router when branching, and relaying the search packet directly if not branching, the branching regularity list can be 
crated automatically As a result, the manager does not have to prepare a regular list beforehand. 
[0033] By comprising a client for returning the undistributed route list of search packet directly to the transmitter at 
the destination node of relaying the search packet, the branching regularity list can be crated automatically As a result, 
the manager does not have to prepare a regular list beforehand. 

[0034] As a result of route table search. If there is a route having one or two destinations for relaying to the same 
router, by comprising a router for omitting relaying of route search packet until two routes become one or one route 
becomes two, the number of packets for route search is smaller, and the judging process at the transmitter Is smaller 
As a result, the network flow rate is saved. Further, the repeating processing and aliasing processing at the router and 
client can be saved. 

[0035] On the condition that the route search packet Is omitted by the router, by having a router for analyzing the 
branching tree and arranging the address list according to the branching regularity the number of packets for route 
search is smaller, and the judging process at the transmitter is smaller. As a result, the network flow rate is saved. 
Further, the repeating processing and aliasing processing at the router and client can be saved. 
[0036] By having a transmitter capable of adding or deleting the destination address in the midst of a series of packet 
transmission, it is possible to join or leave the channel in the midst of multicast distribution. 

[0037] By having a transmitter for searching the route about the added address and keeping the address in branching 
regularity, the efficiency of distribution by branching regularity maintains if joining or leaving the channel in the midst 
of multicast distribution. 

[0038] By having a transmitter for transmitting a regularity inspection packet for checking whether the address list is 
branching regularity or not periodically, and redoing regularity when receiving an irregularity notice, if the route is 
changed while repeating the multicast, it is detected in a certain time and handled adequately 

[0039] Also by having a router for searching the route table of address list of regularity inspection packet transmitted 
by the transmitter, returning the irregularity notice when the regularity is broken, and repeating the inspection packet 
otherwise, if the route is changed while repeating the multicast, it is detected in a certain time and handled adequately 
[0040] In the configuration comprising the transmitter and router, if it is designed to store one of the nodes of the 
undistributed address list as former destination address of the packet, if there is a router not depending on the distri- 
bution of the invention in the midst of the multicast distribution route, multicast repeating Is possible. 
[0041] By having a node which transmits by itself, inspects the packet arriving at the own interface, and accepts it 
when the own node is included in the destination list, without having multicast route information, multicast distribution 
is realized by the unicast route information only. 

[0042] The invention solves the above problems by improving the conventional packet in which only one destination 
could be designated, and by adding a list of the plurality of destination addresses and a bit map showing undistributed 
addresses in the list has an extension header of packet. 

[0043] Other objects and features of this invention will become apparent from the following description with reference 
to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] Fig. 1 is a block diagram showing the principle of the invention. 

[0045] Fig. 2 is a diagrann showing an example of composition of packet. 

5 [0046] Fig. 3 is a block diagram showing an embodiment of the invention. 

[0047] Fig. 4 is a diagram showing transition of bit map. 

[0048] Fig. 5 is an explanatory diagram of group branching. 

[0049] Fig. 6 is a block diagram showing other embodiment of the invention. 

[0050] Fig. 7 is a diagram showing routes of a, b. 

10 [0051] Fig. 8 is a diagram showing routes of R1, R2. 

[0052] Fig. 9 is a diagram showing an example of composition of packet. 

[0053] Fig. 10 is a diagram showing an example of composition of packet. 

[0054] Fig. 11 is a diagram showing an example of composition of ICMP. 

[0055] Fig. 12 is a diagram showing an example of composition of packet. 

15 [0056] Fig. 1 3 is a diagram showing an example of composition of branching tree. 

[0057] Fig. 14 is a diagram showing creation of branching tree. 

[0058] Fig. 1 5 is a diagram showing route tree in the midst of analysis. 

[0059] Fig. 16 is a diagram showing group case dividing in each repeating destination interface. 

[0060] Fig. 17 is an explanatory diagram of omission of relaying to h, c, e, b. 

20 [0061] Fig. 1 8 is a diagram showing an example of composition of packet. 

[0062] Fig. 19 is a diagram showing an example of composition of packet. 

[0063] Fig. 20 is a structural diagram of header format of IPv6. 

[0064] Fig. 21 is a diagram showing composition of search table. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0065] Referring now to the drawings, preferred embodiments of the invention are described in detail below. 

[0066] A server for transmitting data by multicast prepares a packet in a format shown in Fig. 2. The meaning of 
items different from those in the IP header are as follows. 



30 



35 



(a) Destination Address (MSG address) 

[0067] This is a special IP address showing this packet is an MSC (Multicast for Small Community). An intermediate 
router discriminates that this packet should be processed by the multicast system of the invention. 



(b) MSC options 

[0068] An option is designated in this item when assuring the subsequent processing variation. 
40 (c) # of dest 

[0069] The length of list of addresses included in this packet. 

(d) Destination Address #n 

45 

[0070] An n-th destination address to which the multicast address is distributed. 

(e) destination bitmap 

50 [0071] A bit map in which n-th destination to be reached henceforth by the packet in the address list is "1", and the 
destination not necessary to reach from this packet is "0". Initially, all is "1", 

[0072] When the number of destination addresses exceeds 32, following the 32nd address, a list of addresses is 
added successively across a bit map of 33rd to 65th addresses. 

[0073] The router of the embodiment searches the route table for unicast as for the bit map being "1" of the addresses 
55 in the list. As a result of search, the packet Is transferred to each one of the subsequent routers. At this time, if the next 
router is the same as a result of search, only one packet is enough, and multicast is realized. The bit map showing the 
position of the destination address to which the repeating packet is further relayed is "1", and others are "0". 
[0074] In this configuration, without having multicast route information, multicast distribution is possible by the unicast 
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route information alone. 

[0075] By this replaying, the packet reaches the final object node, and the list is inspected at this node, and if an 
address to the own is found, it is accepted, and a higher protocol stack (for exannple TCP) is processed. This embod- 
innent includes a node which transnnits by itself, inspects the packet arriving at the own interface, and accepts it when 
the own node is included in the destination list, and therefore, without having nnulticast route information, multicast 
distribution is realized by the unicast route information only. 

[0076] Hereinafter, the branching regularity is a property of address list which is pretreated in order to simplify the 
route table search in the router. A branching regular address list refers to a sequential arrangement, in all routers in 
the multicast route, guaranteeing that the nodes of bit map being "1" are always continuous. For example, in the 
multicast for branching as shown in Fig. 3 (a block diagram showing an embodiment) . suppose an address list of [a, 
b, c, d, e, f. g]. Same legends are provided to parts that are similar or same to those shown in Fig. 1. 
[0077] The branching depth is assumed to be 2 in a, f, g, and 3 in b, c, d, and e. In the route from the sender to d, 
the router branch is passed three times. In this period, the bit map changes as shown in Fig. 4. and at any point of the 
route, the bit map 1 is continuous. This is established at all points, and hence [a, b, c, d, e, f, g] is a branching regularity. 
[0078] On the other hand, a list [a, g, f, b, c, d. e] is a first branch going toward "a", and the bit map is [1 , 0, 0, 1 , 1 , 
1.1], and hence "1" is isolated. Therefore, this is not branching regularity 

[0079] When the branching regularity is guaranteed, only the addresses at both ends of the bit map "1" portion are 
searched in the route table, and if known to be relayed to the same router, it is guaranteed to be distributed through 
the same router to the destinations on the way and therefore the next relaying destinations can be determined without 
searching the route table. 

[0080] The embodiment comprises a transmitter for transmitting by storing a list of destination addresses and un- 
distributed bit map in a packet header when distributing a same packet to the plurality of destinations, and therefore 
transmission of multicast packet is possible without requesting setting of multicast route information to the repeating 
router group. 

[0081] The transmitter capable of transmitting the packet in such format, and the router for efficiently searching the 
route table accordingly are described. In order to realize multicast by employing this method, the transmitter sets the 
bit showing that the address list is a branching regularity, in the MSG option, and the router inspects the establishment 
of this bit, and changes over the route table searching method. 

[0082] The embodiment comprises a transmitter for transmitting together with a mark proving finish of distribution, 
by arranging the address appearance order in the list preliminarily so that the undistributed portions of the undistributed 
bit map may be always continuous at an arbitrary path on the packet distribution route, and therefore the branching 
regularity router can be efficiently distributed in multicast packet. 

[0083] When relaying the packet transmitted by the transmitter together with the branching regularity mark, by com- 
prising a router for searching the route table only for two nodes at both ends of the row not distributed in the undistributed 
bit map, omitting the route search about other address if branching is not necessary, and searching the route table of 
all destinations only when branching is necessary at the time of multicast packet distribution, the number of unicast 
addresses to be searched is smaller than in the router mentioned in connection to one aspect of the present invention, 
and the packet distribution processing is smaller. 

[0084] The mechanism for arranging the list in the branching regularity is explained below. The transmitter attaches 
a list of addresses desired to have the branching regularity to a packet in which the higher protocol data is empty, and 
transmits to the MSG option together with a request mark for route search. The router operates as mentioned in con- 
nection to one aspect of the present invention and performs multicast, and if branching the packet at the same time, 
additionally records how the packet is branched, as bit map, to the end of the higher protocol data portion. 
[0085] When the packet reaches the destination client, the history showing how the packet is branched is recorded 
from the transmitter. It is directly returned to the transmitter. When the branching history is returned to the transmitter 
from all clients, the branching tree is analyzed, and arranged in the branching regularity 

[0086] According to this embodiment, the invention comprises a transmitter for transmitting a branch search packet 
having an address list, and creating a branching regularity list according to the obtained search result, the branching 
regularity list can be created automatically As a result, the manager does not have to prepare a regular list beforehand. 
[0087] As for the route search packet transmitted by the transmitter, by comprising a router for searching the route 
table, relaying the search packet by adding an undistributed bit map to the end of the undistributed route list to the own 
router when branching, and relaying the search packet directly if not branching, the branching regularity list can be 
created automatically As a result, the manager does not have to prepare a regular list beforehand. 
[0088] By comprising a client for returning the undistributed route list of search packet directly to the transmitter at 
the destination node of relaying the search packet, the branching regularity list can be crated automatically As a result, 
the manager does not have to prepare a regular list b forehand. 

[0089] In the branching regularity search, as for the partial branching tree of which regularity is evident, a branching 
regular list can be created without such inspection, and the search process is efficient. 
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[0090] The reason why search is not required depends on the nnathematical induction about the number of addresses 
as explained below. 

[0091] First, in the case of one or two addresses, evidently, it is branching regularity. 

[0092] Suppose a branching regular list can be prepared as for the list of n-1 or less. Assume there are three or more 
5 (for example, n) addresses. A certain router receives a search packet of which n destinations are not distributed yet. 
By branching it, it can be divided into two groups at least, or n groups at the most. Each undistributed destination is 
one at least, or n-1 at the most. Herein, classifying by the number of groups containing one destination and two, it is 
as shown in Fig. 5. 

[0093] In (A), there is no group having one or two destinations, the packet is branched only into groups with three 
10 or more. Being branched, anyway each group has n-1 or less. In this case, adding and updating the history, by relaying 
the search packet to all groups, the partial list of branching destination can be set in branching regularity by the packet 
returning from the relaying destination. All groups are linked in this way 

[0094] In (B), the group as one destination, and there is no group having two destinations. The group with one 
destination is evidently regular in branching, and Is not relayed. Other groups are relayed. As a result, the history is 
15 returned to other groups. Although the history is not returned to the one group being omitted, but by collecting the 
histories of other groups, it is known that there has been one branch, and it can be linked to the branching regularity 
of other groups. 

[0095] In (C), similarly, there is either one group having one omitted destination or two groups having one omitted 
destination, and anyway by linking two missing destinations, it is the branching regularity which is connected to the 

20 branching regularity list of other groups. 

[0096] According to this embodiment, as a result of route table search, if there is a route having one or two destinations 
for relaying to the same router, by comprising a router for omitting relaying of route search packet until two routes 
become one or one route becomes two, the number of packets for route search is smaller, and the judging process at 
the transmitter is smaller. As a result, the network flow rate is saved. Further, the repeating processing and aliasing 

25 processing at the router and client can be saved. 

[0097] On the condition that the route search packet Is omitted by the router, by having a router for analyzing the 
branching tree and arranging the address list according to the branching regularity, the number of packets for route 
search is smaller, and the judging process at the transmitter is smaller. As a result, the network flow rate is saved. 
Further, the repeating processing and aliasing processing at the router and client can be saved. 

30 [0098] Besides, a transmitter capable of adding or deleting the address by changing the destination is realized. By 
using such transmitter capable of adding or deleting the destination address In the midst of a series of packet trans- 
mission, it is possible to join or leave the channel in the midst of multicast distribution. 

[0099] This is a transmitter for starting again, from the beginning, normalization of branching at the time of the trans- 
mitter operation when making efficient by using the branching regularity. According to this embodiment, by using the 
35 transmitter for searching the route about the added address and keeping the address in branching regularity the effi- 
ciency of distribution by branching regularity maintains if joining or leaving the channel in the midst of multicast distri- 
bution. 

[0100] When the router branches the packet, the content Is cleared in the address of which bit map is "0", thereby 
concealing the intermediate route or end point or the destination of multicast by the host. According to the present 

40 invention, therefore, one*s own participation can be kept secret to other clients participating in the multicast. 

[0101] Moreover, inspecting the efficacy of regularity list once built up, it Is possible to cope with adaptively if the 
routing environment Is changed. When the transmitter sets the need of inspection in the option, each route of the route 
check the regularity. If not broken, it is returned to the source of transmission together with the history. Receiving it, 
the transmitter newly normalizes the necessary partial list. 

45 [0102] According to this embodiment, the invention has a transmitter for transmitting periodically a regularity inspec- 
tion packet for checking whether the address list is branching regularity or not. and redoing regularity when receiving 
an irregularity notice. If the route is changed while repeating the multicast, it is detected in a certain time and handled 
adequately. 

[0103] Also by having a routerfor searching the route table of address list of regularity inspection packet transmitted 
50 by the transmitter, returning the irregularity notice when the regularity is broken, and repeating the inspection packet 
otherwise, if the route is changed while repeating the multicast, it is detected in a certain time and handled adequately 
[0104] Or, If there is a router not corresponding to the MSG in the midst of relaying, one undistributed address may 
be inserted, out of the MSG list, without inserting the address expressing the MSG, in the destination of IPv6 header 
so that the MSG may pass. The router can branch the non-MSG router whether to be relayed same as the ordinary 
55 unicast. or to int rpret the MSG on the way or at the end. 

[0105] According to this embodiment, the invention comprises the transmitter and router, if it is designed to store 
one of the nodes of the undistributed address list as former destination address of the packet. If there is a router not 
depending on the distribution of the invention in the midst of the multicast distribution route, multicast repeating is 
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possible. 

[0106] Fig. 6 is a block diagram showing other embodiment of the invention. In this embodiment, routers 1 are mu- 
tually connected through an exclusive line 6, and nodes 'a' to 'h* are connected to each router This embodiment is 
explained below by using this network. The network comprises eight hosts (a to h). four Ethernets (W to Z), one exclusive 
line 6, and two routers R1, R2. 

[0107] The host IP addresses are 'a' to 'h', and the IP address of each interface of the router is r1, r2 in the exclusive 
line and w. x, y. z at the Ethernet side. At this time, the host IP addresses a and b have the route table as shown in Fig. 7. 
[0108] Similarly, 'c' and 'd' are route tables having W, w changed to X, x; e and f, changed to Y, y; and g and h, 
changed to Z, z. 

[0109] The route table of the routers R1 , R2 is as shown in Fig. 8. 
[0110] An explanation will be provided for the operation. 

[0111] First, an example will be explained. The sender of multicast packet is supposed to be a. and the receivers 
are b, c, d, e, f, g, h. The process on a requests message transmission through the socket interface, 
sendto (socket, msg, length, flag, dest, destlen) 

[0112] Herein, dest is a destination address designating structure (struct sock addr msc) newly defined for this pur- 
pose, and the destination list is stored as follows. 



struct sock addr msc { 
short smsc family; /*AF MSC*/ 

unsign int smsc list desc; /^regular list 

desc*/ 

char smsc nnodes; /*# of sest 

nodes*/ 

struct inet addr v6 smsc addrs [lyLAX ADDR LIST]/*dest address 
list* 
/ 
} 



[0113] Herein, smsc family is a constant of an address family defined for msc. 

[0114] smsc list desc is a list instructor used in the following branching regulation. 

[0115] smsc nnodes is the number of destination nodes included in this list. 

[0116] smcs addrs is the sequence of IPv6 address. 

[0117] Node a transmits a packet having the following attributes to it. 

Ipv6 src =a 

Ipv6 dst =MSC 

Ipv6 opt =MSC followed 

MSC option =None 

RoutType =MSC 

# of dest =7 

bitmap =[1,1,1.1.1.1,1] 

dest addr =[b,c,d,e,f,g,h] 
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[0118] The packet is specifically as shown in Fig. 9. 

[0119] The sender a, using the own route table, searches [b, c. d, e. f, g, h], and obtains the following result. 

[0120] b; Direct distribution through Ethernet w possessed by own self. 

[0121] c, d, e, f, g, h; Relaying through w. 

[0122] When sending a packet directly to b, the bitmap is changed as follows. 

bitmap =[1,0,0,0.0,0,0] 
dest addr =[b,c,d.e,f,g,h] 

[0123] To w, the following packet is sent. 

bitmap =[0,1.1,1,1,1,1] 
dest addr =[b,c.d,e,f,g,h] 

[0124] Reviewing this packet, receiver b first inspect that IPv6 header shows the MSG, and then observing opt head, 
"no option" is confirmed, and the bit map of the routing header is inspected. The address with "1" is the own address, 
and it is accepted, and transferred to the host protocol. 

[0125] Checking this packet, the router R1 first inspects that IPv6 header expresses the MSG, and checks the opt 

header to make sure no option. Next, the bit map of routing header is inspected. Each address with "1" is checked if 

it is own address or not, and the route table is inspected, and the following results are obtained. 

[0126] c, d, g, h: Distributed through r2. 

[0127] e, f: Distributed directly via Ethernet Y. 

[0128] As a result, following bitmap is transmitted to r2 for c. d. g, h: 

bitmap =[0,1,1,0.0,1,1] 
dest addr =[b.c,d,e,f,g,h] 

[0129] Following bitmap is transmitted to e: 

bitmap =[0,0.0,1,0,0,0] 
dest addr =[b,c,d.e,f,g,h] 

[0130] Following bitmap is transmitted to f; 

bitmap =[0,0.0.0.1,0,0] 
dest addr =[b,c,d.e,f,g.h] 

[0131] Example of relaying operation in branching regularity: 

[0132] Next, as operation relating to branching regularity, an example will be explained below. Suppose transmission 
from node a to destinations [c. d. g, h] . In the case of the invention according to one aspect, the router R1 relays the 
following packet. 

bitmap =[1,1,1,1] 
dest addr =[c,d,g,h] 

[0133] Accordingly, although four destinations are bound for the same relaying destination r2. it was necessary to 
search the route tables of all of c, d, g, h. However, according to the present invention, only c and h are required to be 
searched. 

[0134] First, the transmitter mounting the address appearance order assembles the packet same as the transmitter 
having the destination address, and the constant MSG REGULARED is written in the MSG option. 
[0135] The router R1 mounting the processing for searching the route table of all destinations only when branching 
is necessary, after confirming that the IPv6 destination address is MSG. confirms that MSG REGULARED is written in 
the MSG option. In this case, the path is searched only at both ends c, h of the bit map. Since both are by way of r2, 
nothing is searched about d, g. and they are directly related to r2. 

[0136] On the other hand, the router R2 mounting the processing for searching the route table of all destinations 
only when branching is necessary similarly searches c and h. This time, it is known that c must be relayed to the 
interface of X, and h to Z. Therefore, d and g are also searched, and d is relayed to X. and h to Z. 
[0137] Example of branching regularity inspection : 
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[0138] An example of compilation of the branching regularity list mentioned above will be explained here. The overall 
sequence is as follows. 

[0139] Program: Request to set destination list in branching regularity. 

[0140] Transmitter: Transmission of search packet including destination list. 

[0141] Router: Recording of branching history while relaying search packet. 

[0142] Client: Returning of reaching search packet to transmitter in every branching history. 

[0143] Transmitter: Creation of branching regularity list from the branching history. Returning of identifier correspond- 
ing to branching regularity list. 

[0144] Program: Packet transmission by adding identifier to destination. 

[0145] The transmitter creates the search packet having the following information, and transmits according to the 
method of the invention. 



Ipv6 src =a 
Ipv6 dst =MSC 
15 |pv6 opt =MSC followed 



MSC option 

RoutingHdr NextHdr 

Route Type 

#of dest 

bitmap 

dest addr 



=MSC branch inquiry 

=ICMP 

=MSC 

=7 

=[1,1,1.1.1.1,1] 
=[b,c,d,e,f,g,h] 



ICMP Type =MSC Branch Inquiry 

25 ICMP Code =None 

ICMP bitmap len =0 

ICMP Identifier =ID identified by every MSC inquiry 



[0146] The packet at this time is as shown in Fig. 10. 

[0147] The router, while making relaying operation same as in claim 1 , updates the ICMP header as follows if there 
are two or more interfaces to be relayed, that is, branching occurs. 

[0148] 1 is added to #of bitmap. 

[0149] A new bitmap is added to the end of ICMP header 

[0150] When relaying to e and f by router R1, the ICMP header changes as shown in Fig. 11. 

[0151] Receiving it, e returns the copy after Routing header to a as follows. 



Ipv6 src =e 

IpvS dst =a 

Ipv6 opt =None 

40 ipvS NextHdr =ICMP 

ICMP Type =MSC Branch record 

ICMP Code =None 



[0152] Hereinafter, copying after Routing header 

[0153] At this time, the packet is specifically as shown in Fig. 12. 

[0154] In this case, similar packets return from all the clients. This transmitter collects packets Identical in Identifier 
In this example, the following history is returned. 



50 



55 



10 



EP 1 059 764 A2 

[b, c, d, e, f , g, h] 
[1,0,0,0,0,0,0] 
[0,1,1,1,1,1,1] 
[0,1,1,0,0,1,1] 
[0,1,1,0,0,0,0] 
[0, 1,0,0,0,0,0] 
[0,1,1,1,1,1,1] 
[0,1,1,0,0,1,1] 
[0, 1, 1,0,0,0,0] 
[0,0,1,0,0,0,0] 
[0,1,1,1,1,1,1] 
[0,0, 0, 1, 1,0,0] 
[0,0,0,1,0,0,0] 
[0,1,1,1,1,1,1] 
[0,0,0,1,1,0,0] 
[0,0,0,0, 1,0,0] 
[0,1, 1,1, 1, 1,1] 
[0,1,1,0,0,1,1] 

[0, 0, 0,0,0, 1, 1] 
[0,0,0,0,0,1, 0] 
[0, 1, 1, 1,1, 1, 1] 
[0,1,1,0,0,1,1] 
[0,0,0,0,0,1,1] 
[0,0,0,0,0,0, 1] 
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[0155] From now on, the branching regularity list is created in the following procedure. 

Struct regular list*make regular listO [/* To make a regular 

list, 

*/ 

struct tree tree; 

tree =make treeO; /* A branching tree is created. */ 

return make list(tree) /* Branching tree is made into a list , 
*/ 

*/ The branching tree is formed as shown in Fig, 13. o-mark 
in this figure denotes the router. At the side of the router, 
(e, f ) or the like is attached, and it shows branching, and the 
lower branching structure is a list of undecided nodes. 
*/ 

make treeO [/* A branching tree is created. */ 

[0156] A router as the root of the branching tree is created. 
[0157] Then, all nodes are put into the undecided node list. 

/*o (b, c, d, e, f , g, h) */ 

for(i=0; i<# of node;i++)[/* About all nodes */ 
[0158] The history returned from node I is checked. 

depth = branching depth of node i. /* If b, then 1, if 
h, then 4 

for (j = depth of root with node i. 
depth; j>0; j ++) 

[0159] A router is created from the router with node i and extended. 
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Node i is moved to newly made router. 

1 

Now, e hangs on the router with node i. 
for(j=# of bitmap ;j>0;j — ) /* About all history ^/ 
foreach (node changed by j-th and j-l-th history) 

if (node is undecided) 

In router series up to node i, registered as undecided 
node in router with depth of j-1.] 
make regular list (tree) [ 

Searching tree by depth priority, nodes are listed up. 

1 

[0160] Applying the above procedure into an exannple, a branching tree is created as shown in Fig. 14. 
[0161] Exannple of efficient branching regularity inspection ; 

[0162] In branching inspection, returning of history fronn all clients is not necessary For exannple, it is evident that 
branching tree (h) In the nnidst of analysis of branching tree shown in Fig. 15 can be put beside g without having history 
of h. Accordingly, by suppressing the search packet relay to h even in such a case, the inspection is nnade more efficient. 
[0163] Another ennbodinnent of the preset invention is explained below. 

[0164] First, the transnnitter prepares a search packet, and designates effect branch inquiry as MSG option. 
[0165] The router, when relaying this search packet, operates sanne as the router for relaying the search packet 
when not branching, but counts the groups in every relay destination interface, and divides as shown in Fig. 16. 
[0166] In the case of (a), all are relayed. 

[0167] In the case of (b), if delaying destination is not linnited by onnitting, relaying is onnitted for one group at each 
destination. 

[0168] In the case of (c), if delaying destination Is not linnited by omitting, relaying is omitted by selecting two groups 

for one destination, or one group for two destinations. 

[0169] In the transmitter, the route analysis means changes as follows. 

make tree () [/* A branching tree is made. */ 

[0170] A router as the root of branching tree is prepared. 

[0171] Then, all nodes are put Into the undecided node list. 

/*o(b,c,d,e, f,g,h) */ 

for{i=0; i<# of node; i++)[/* 'About all nodes */ 



[0172] The history returned from node i is reviewed. 
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depth = branching depth of node i. /* If b, then 1, if 
h, then 4 */ 

for (j = depth of root with node i. 
depth; j>0; 

The one router is created from the router with node i and 
extended . 

Node i is moved to newly made router. 

] 

Now, e hangs on the router with node i. 
for(j=# of bitmap; j>0;j — ) /* About all history */ 
foreach (node changed by j-th and j-l-th history) 

if (node is undecided) 

In router series up to node i, registered as undecided 
node in router with depth of j-1. 

foreach (about all routers) /* If increased by previous 
process */ 

if (if undecided nodes are 2 or less) 

Undecided node directly hangs on router, 

] 

[0173] In [b. c, d, e, f, g, h], relaying to h, c. e, b can be onnltted (see Fig. 17). 
Destination change : 

[0174] When the branching regularity is instructed by the program and the regularity is decided, the identifier returns. 
In the case of continuous flow of nnulticast packets, by using the previous regular list connnnonly regularity is not re- 
peated. However, if the client interrupts reception or a new client is added, regularity nnust be decided from the begin- 
ning. 

[0175] At this time, a transmitter for redoing regularity from the beginning can be used. The regularity processing 
itself is exactly the same as mentioned before. 
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Concealment of branching destination : 

[0176] This is a repeating router for clearing all other than branching destination nodes, and concealing the comnnu- 
nication destination to the own node fronn other clients. The operation is nearly sanne as that of the router in claim 1, 
5 but when sending the packet directly to b, the address is also cleared when changing the bit map. 

bitmap =[1.0.0,0.0.0.0] 
dest addr =[b.0,0,0,0,0.0] 

10 [0177] Following packet is transmitted to w. 

bitmap =[0,1,1,1.1,1.1] 
dest addr =[0,c,d,e,f,g.h] 

15 Regularity inspection : 

[0178] The regularity is inspected periodically in order to cope with topological changes and troubles in the network. 
An example of other transmitter is explained below. 

20 |pv6 src =a 

Ipv dst =MSC 

Ipv opt =MSC followed 

MSG option =MSC check regular 

25 RoutingHdr Nexthdr =ICMP 

RoutType =MSC 

# of dest =7 

bitmap = [1.1.1,1,1.1,1] 



30 



35 



dest addr =[b,c.d,e,f,g,h] 

ICMP Type =MSC check regular 

ICMP Code =None 

ICMP bitmap len =0 

ICMP Identifier =ID identified by every MSC inquiry 



[0179] The packet is specifically as shown in Fig. 18. 

[0180] On the other hand, in the routerfor relaying it, since the MSC option is check regular, the nodes with bit map 
"1" are searched in all routes. Herein, if all are in the same route, or nodes at both ends are different relaying destination, 
ordinary MSC relaying is performed. Although both ends are at the same relaying destination, if there is a node of a 
40 different relaying destination between them, the following packet is returned to the transmission destination. 

Ipv6 src =router addr 

Ipv6 dsc =a 
Ipv6 NextHdr =ICMP 

45 

ICMP Type =MSC not regular 

ICMP Code =None 

ICMP Identifier =ID identified by every MSC inquiry 

50 [0181] Setting is repeated so that abnormal node may be "0" at the bit map having abnormality The packet is spe- 
cifically as shown in Fig. 19. The transmitter receives it. and determines the regularity again. 

Non-MSC routing : 

55 [0182] The first address of which bit map is "1" in the MSC routing header list is entered in "dest" of IPv6 packet. As 
a result, if there is an MSC non-conforming router on the way, relaying is continued toward one of the destination nodes. 
If there is an MSC conforming router or the destination node corresponds to the MSC, replaying starts newly toward 
other destination. 
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[0183] As explained herein, according to this embodiments, the following advantages are obtained. 

1) Multicast communication in a small group can be realized without having any particular route management for 
multicast on the router on the Internet. 

2) The sender can search the route topology, and arrange the destination information so as to lower the route 
search cost at the router. 

3) The client can join or leave the multicast group without any action of router. At this time, too, the benefit of 2) is 
the same. 

4) If there is a router not realizing the function of the invention on the way of the route, these merits are enjoyed 
similarly. 

[0184] As explained herein, the invention brings about the following effects. 

(1) According to the present invention, by having the means for replaying a packet having a list of the plurality of 
destination addresses and its undistributed bit map to the packet header to be transferred, according to the unicast 
route, multicast distribution is possible by the unicast route information alone without having multicast route infor- 
mation. 

(2) According to the present invention, the node transmits by itself, inspects the packet arriving at its own interface, 
and accepts it when the own node is included in the destination list, and therefore multicast distribution is possible 
by the unicast route information alone without having multicast route information. 

(3) According to the present invention, the route table is searched for the two nodes at both ends of the row not 
distributed in the undistributed bit map, and when branching Is not necessary, route search for other address is 
omitted, and only when branching is necessary, the search table of all destinations is searched, and therefore at 
the time of multicast packet distribution, the number of unicast addresses to be searched is smaller, and the packet 
distribution process can be saved. 

(4) According to the present invention, when branching the packet, the already distributed addresses are distributed 
after changing to values meaningless as address, so that the own participation can be kept secret to other clients 
engaged in the multicast. 

[0185] Thus, according to the present invention , the multicast distribution system easy In address setting and router 
setting can be presented. 

[0186] Although the invention has been described with respect to a specific embodiment for a complete and clear 
disclosure, the appended claims are not to be thus limited but are to be construed as embodying all modifications and 
alternative constructions that may occur to one skilled in the art which fairly fall within the basic teaching herein set forth. 

Claims 

1. A multicast distribution system for transmitting and receiving a packet(s), said multicast distribution system com- 
prising: 

at least one router connected with a cable; 

at least one node connected to each of said routers; and 

a relay unit provided either in said router or In said node which relay unit relaying a packet having a list of a 
plurality of destination addresses and its undistributed bit map, to the packet header to be transferred according 
to the unicast route. 

2. The multicast distribution system of packet according to claim 1 , wherein in the case of distributing a same packet 
to a plurality of destinations, when transmitting a list of destination addresses and undistributed bit map by storing 
in a packet header, said node Inspects the packet transmitted by itself and reaching the own interface, and accepts 
when the own node is included in the destination list. 

3. The multicast distribution system of packet according to claim 1 , further comprising a transmitter which transmits 
a list of destination addresses and undistributed bit map by storing in a packet header, in the case of distributing 
a same packet to the plurality of destinations, 

wherein said router, when the transmitter relays the packet transmitted together with a branching regularity 
mark, searches a route table about two nodes at both ends of a row not distributed in the undistributed bit map, 
and omits route search about other address when branching is not necessary, and searches the route table about 
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all destinations only when branching is necessary. 

The nnulticast distribution system of packet according to clainn 1 , wherein when branching the packet, the address 
distributed already is changing into a value which is nneaningless as an address and then the packet is distributed. 

A node provided In a nnulticast distribution systennfortransnnitting and receiving a packet(s), said node comprising: 

a list of destination addresses; 
an undistributed bit map; and 

a transmitter transmitting said list and said bit map by storing them in a packet header. 

A router provided in a multicast distribution system, having a node which transmits a list of destination addresses 
and an undistributed bit map, for transmitting and receiving a packet(s). said router comprising: 

receiving means for receiving a packet transmitted with a branching regularity mark; and 
searching means for searching a route table about two nodes at both ends of a row not distributed in the 
undistributed bit map, omitting route search about other address when branching is not necessary, and search- 
ing the route table about all destinations only when branching is necessary. 
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FIG.8 
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FIG.11 
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